Aims: High prevalence of overweight and obesity increases the disease burden with higher risk for an expanding set of chronic diseases, including cardiovascular disease, diabetes mellitus, chronic kidney disease, certain types of cancers and an array of musculoskeletal disorders. Over the last decades, trends in children's weight have changed worldwide. Methods: Anthropometric measurements of height and weight and calculations of body mass index (BMI) were recorded for 2297 children, aged 6-12 years. Results: Percentiles for weight and height are presented, as well as overweight and obesity cut-off points according to International Obesity Task Force guidelines for each age group. Children's BMI is higher compared to older studies; however, a levelling-off of weight is evident, as 14-15% of the children are overweight in the present study. Children within the 90th and 97.5th percentiles display a higher annual increase in weight/height ratio compared to other percentiles. Parental level of education shows association with children's BMI. Conclusions: A levelling-off of weight gain among children is evident; however, overweight children tend to gain more weight than normal-weight children.
Introduction
Since the end of the 19th century, improved nutrition and increased socioeconomic status have had a profound effect on growth in the population, especially in children [1] . These developments have reduced health problems caused by malnutrition. However, excessive intake of fatty food and high-density, low-nutrient food, combined with reduced physical activity level, may lead to overweight and obesity. The prevalence of overweight and obesity among children increased by 47.1% between 1980 and 2013, but newer studies suggest this trend is levelling off, as reported in Norway [2, 3] . The health risks associated with higher weight are linked to excess fat. Increased body fat is associated with dyslipidaemia, hyperinsulinemia, hypertension and early atherosclerosis, which are risk factors for coronary heart disease (CHD) in adulthood [4] . In obesity, many risk factors for CHD are clustered together and often track into adulthood.
Although these factors may increase the risk of CHD in adulthood, a number of other factors also contribute. Children have less disease related to obesity than adults, and the association between child obesity and adult risk may be mediated through adult obesity, which is associated with both child obesity and adult disease [5] .
Body mass index (BMI; kg/m 2 ) is an acknowledged measure for defining weight categories for both children and adults [5] . BMI is practical for practitioners and in epidemiological use, but is less sensitive than measuring body fat directly. Supplemented with body composition measurements, BMI can be used to assess health risk caused by overweight and obesity [6] . BMI correlates with direct body fat measurements, such as skin fold thickness, densitometry, bioelectric impedance analysis and dual energy x-ray absorptiometry [7] . BMI may define relatively fit people with a high percentage of muscle mass as obese, even if they have a low percentage of fat. BMI is therefore a more valid parameter on a mean population basis and may be used as an indicator, but not as a diagnostic tool.
BMI cut-offs for children are based on and linked to the corresponding adult BMI cut-offs [5, 8, 9] . The difference is mainly that children's cut-off values are adjusted for gender and age. The International Obesity Task Force (IOTF) cut-offs are used internationally to assess weight categories among children and define weight categories as thinness grades 1-3, overweight, obesity, and morbid obesity [8, 9] . These values are based on studies from six different countries. Studies have shown that Asians are at higher risk for diabetes, whereas Afro-Americans have a lower risk of coronary heart disease [10] . A more difficult task is to measure the global health risk of overweight and obesity.
Research has also shown increased mortality in relation to a larger waist circumference regardless of BMI, and reported a strong positive correlation between waist circumference and BMI [6] .
growth charts are used to show the relative size of populations and used to control variations across age [11] . The first Norwegian growth references were established between 1950 and 1956 by Sundal [12] , and later updated in 1971-1974 by Waaler (published in 1983) [13] . In 2009-2010, a similar update was carried out in children aged 0-19 years by Júlíusson et al., which was recorded from 2003 to 2006 in the Bergen growth Study [11, 14] . Comparison of data from 1971-1974 and 2003-2006 showed a mean height increase of 0.9 cm in boys and 0.6 cm in girls [11, 13, 14] . The main differences were revealed in older children and adolescents, as the oldest children in the 50th percentile increased in height up to 3.4 cm for boys and 2.5 cm for girls. In the 2.5th percentile, the differences were largest during puberty: 4.5 cm and 7 cm for boys and girls, respectively. Júlíusson et al. also found that 8% of boys and 7% of girls aged 4-15 were above the 97.5th percentile in weight compared to Waaler's study. The same age group also showed an increase in weight in relation to height, especially in the upper percentiles, hence increases in height were followed by increases in weight. These changes across decades indicate regular screening of children is appropriate.
In Norway, the estimated occurrence of obesity and overweight in children is much the same as in other european countries, especially in Northern and Western europe [2] . Nonetheless, the number is lower compared to current values in the United States of America, Southern europe, and the United kingdom [15] . The prevalence of global childhood obesity has been found to be equal for boys and girls before the age of 20 years, and in 2015, an estimated 107.7 million (5%) children were obese worldwide.
In addition to studies showing growth charts for the paediatric population, several studies have mapped trends for overweight, although there have not been so many studies on underweight [9, 16] . A nationwide study in Norway on underweight called 'Ungkan 1 and 2' found 6.4% of boys and 5.4 % of girls were underweight amongst 6-year-olds [16] . For 9-year-olds, the distribution was 5.7% in boys and 8.1% in girls. The frequency rose for both sexes at 15 years, showing 6.8% in boys and 9.5% in girls. This underscores the importance of closely monitoring trends in children's weight to define prevention and intervention strategies to decrease risk factors regarding over-and underweight.
The aim of the present study is to establish reference values for weight, height and BMI in primary school children aged 6-12 years. The results will also be compared to earlier national and international studies to reveal any changes at a population level.
Method

Sample
The data from this cross-sectional study were obtained at baseline in 2015 as a part of the Health Oriented Pedagogical Project (HOPP) [17] . HOPP is a controlled longitudinal intervention study of school-based physical activities. Nine primary schools in South-east Norway participated. From a total population of 2817 children aged 6-12 years, 2297 (82%) parents signed an informed consent form for participation. All children received a unique identification number, and exact age was calculated from birth date and test date.
Anthropometric measurements
All measurements were performed at the schools, supervised by the principal investigator and taken by students from the kristiania University College, Department of Health Sciences, Oslo, Norway.
Height was measured to the nearest 0.5 cm without shoes, using a height stand (Seca, Hamburg, germany). Weight was obtained using a bio-impedance scale (MC980MA; Tanita, Tokyo, Japan); children were weighed barefooted, in light clothing, and 0.4 kg was subtracted from the total weight to compensate for the weight of the clothes. BMI was estimated as kg/m 2 , and IOTF cut-off values were used to calculate impact of age-and sex-adjusted BMI [8, 9] . Cut-offs for normal weight are estimated for those who did not meet the cut-offs for thinness grade 1 and overweight, in the middle range, above category 3 and below category 4. Waist circumference was measured to the nearest 0.5 cm with an anthropometric tape, at full expiration at the level of the umbilicus.
Parental education
Parents received questionnaires including questions about parental education level, which was divided into primary school, high school, bachelor's degree and master's/PhD degree.
Analyses
All data were recorded on paper in the baseline test, then digitalized. To improve validity, outliers and extreme values were manually controlled. Ultimately, all data were unidentified and analysed in SPSS 21 (SPSS, Chicago, Il, United States). All results are reported as mean with SD, as well as in percentiles. The alpha value was set to ≤0.05.
To investigate weight and height gain by age group, the values for 7-year-olds were subtracted from those for 6-year-olds, the 8-year-olds from the 7-year-olds, and so forth. Hence a delta value for weight and height increase per year was calculated. In order to normalize any weight gain due to a simultaneous increase in height, delta weight was divided by delta height. Children classified as overweight and obese were found using IOTF's cut-off points.
Results
To establish reference values for mean and percentiles at different ages, measurements were divided into one-year categories of 5.5-6.4, 6.5-7.4, and so forth. Then the mean age of each age category is presented ( Table I ). As shown, no values for the 97.5th percentile were calculated in the age group 6.3 years. The mean and median values reveal a steady increase in weight with age for both boys (mean 3.8 kg/year) and girls (mean 3.7 kg/year) from the age of 7. No change was shown between 6.3 and 7 years, possibly due to the short time-frame between these age categories. Similar findings were presented for height (boys mean 5.6 cm/year and girls mean 5.9 cm/year) between 7 and 12 years. Again, less growth was observed between the two youngest groups (Table II) .
Analyses of the 2.5th percentile display a one-year age-related mean increase in weight of 2.4 kg for both boys and girls. A slightly higher increase was shown in the 50th percentile, as a mean increase of 3.6 kg was found. Children in the 97.5th weight percentile showed a near doubling in weight per age group compared to children with low and median weight, with a mean increase of 6.2 kg/year for boys, and 5.5 kg/year for girls (Table I) . Subjects in the 97.5th percentile for height showed no difference in increase per year compared to low-and normalweight children. Figure 1 shows the normalized (∆weight/∆height) data for the annual increase in growth for children in 2.5th, 50th, 90th and 97.5th percentiles. As shown, the 2.5th and 50th percentiles demonstrate a linear increase in ∆weight/∆height ratio across all the age groups. The curve for the 90th and 97.5th percentiles display a somewhat steeper slope compared to the 2.5th and 50th percentiles. This seems to be the case for both sexes. The sharp decline for girls at 12 years may be due to a low sample size. Similar slope analyses were performed for the 10th, 25th and 75th percentiles, and no difference was detected with regard to the increase of ∆weight/∆height compared to the 2.5th and 50th percentiles.
As can be seen in Table III , there is an increase in the number of overweight and obese children with age using the IOTF's cut-off points. This is more pronounced in boys than girls. The number of obese children across age groups is relatively stable.
In Table IV , the prevalence of weight categories is displayed according to IOTF cut-offs [8] . There are 3.5 percentage points more girls than boys in the thin category, 2.4% of the children are obese, and 11.8% are overweight. Hence, 14.2% of the children in the present study are overweight or obese.
In order to monitor children's health, all nations should conduct regular screenings. Several studies have been conducted in Norway going back to the 1950s. As Figure 2 displays, all studies from 1956 to 2015 show an increase in BMI with age for both sexes [11] [12] [13] [14] . The results for 12-year-old girls in the present study deviate slightly from otherwise similar trends, probably because of the limited number of children in this age category (n = 73).
The results reveal a marked difference in boys' BMI between Sundal (1956) [11] [12] [13] [14] . Boys at 8 years and older show a distinctly higher The results for girls show a slightly different pattern than those for boys, as the marked difference between the studies observed in boys is absent. However, the results display higher BMI for girls in the present study compared to 1956 and 1983, but lower values compared to 2003-2006, again perhaps due to a real levelling-out of weight gain. Values for 11-year-old girls are higher than a decade ago, but these values decrease at 12 years, probably due to low sample size.
As can be seen in Figure 3 , there is a tendency toward lower BMI in children whose parents have higher levels of education. This is especially visible with parents who have a master's degree or higher. The biggest difference observed is between children whose parents have a high school education and those who have a master's degree or higher (p < 0.0001). The limited number of parental responses (n = 11) indicating a primary school education may explain the large SD in this category. A linear regression model was conducted to examine the association of sex and education on BMI. The linear regression model reveals a low overall explanation value of R 2 = 0.021. However, father's education level was surprisingly the most important factor in children's BMI, as a reduction in 0.497 in BMI per increase in education level was shown.
Discussion
Normative anthropometric values for 6-to 12-yearold children of both sexes are presented. Children in the 97.5th percentile tend to gain weight at a higher rate than low-and normal-weight children. As with many other health-related factors, parental education level also affects children's growth and weight. The present results show that the higher the parental educational level, the lower the BMI. Interestingly, the father's level of education displayed a greater impact on children's BMI than the mother's. Following the IOTF's cut-off points, Table IV shows 14.2% overweight/obesity. Comparison with former studies of similar age groups in Norway from the 1950s and the 1980s revealed an increase in BMI for boys aged 8 years and older. However, compared with data from the mid-2000s, fewer changes have occurred, indicating stagnation of the weight gain reported in children over the last decades. girls show a slightly 
Height and weight
The mean height has increased for all ages (data not shown) compared to data from the 1970s [13] . The increase is somewhat higher for girls than for boys. Similar findings were shown using percentiles with a close to 2-cm mean increase for both boys and girls. The increase was smaller in the lowest percentiles, and greater in the upper percentiles. This implies that, for both sexes, tall children have become taller. For children in the lower percentiles, however, the increase is of minor clinical significance. Similar findings were revealed for children with regard to weight, as normal and overweight, as well as obese, children showed higher values in 2015 than in the 1970s [13] . The lowest percentiles displayed a moderate increase in weight, but the upper percentiles revealed a larger increase. The biggest difference was seen in 11-year-old girls with a 16-kg increase on average. The present study displayed an 8-11% higher weight in children above the 97.5th percentile, which corresponds to a mean increase of 5.4-8 kg. As only a small difference in height was found, the main reason for increase in weight is presumably higher fat accumulation. However, when compared to the results of Júlíusson et al., the present study shows a reduction in weight, more profound in girls than boys [14] . This may indicate that the so-called 'obesity epidemic ' has not yet reached Norway or that the trend of continuous weight gain in children is reversing [1] .
An annual increase in weight and height for children is expected and is a result of normal growth. However, comparing the annual increase in ∆weight/∆height ratio per percentile reveals an interesting result (Figure 1) . The annual growth in height for children (Tables I and II) in the 97.5th percentile is almost equal to the annual growth for the children in the 2.5th and 50th percentiles. Hence short, normal, and tall children have an equal growth rate in height. However, the annual increase in weight (Tables  I and II) for the 90th and 97.5th percentiles is doubled compared to children of low and normal weight. These results, despite being based on cross-sectional data, imply that overweight and obese children gain weight excessively as they age in addition to their initial overweight. This weight gain occurs without an adequate increase in height, giving rise to concerns regarding current and future cardiovascular risk factors for the heaviest children.
Prevalence of child obesity
BMI is a common method for estimating overweight and obesity. As a merely mathematical expression, BMI does not apply well to people with excessive muscle mass; nor is it able to express the location of adiposities. It is also inferior in estimating overweight in children, hence the IOTF cut-offs, developed by Cole and lobstein [8] . Nevertheless, the simplicity of BMI for estimating overweight and obesity in large populations has made it a useful tool globally, and both IOTF and the World Health Organization (WHO) use it as an estimation tool for worldwide obesity. However, due to a diversity in categorization, it is difficult to compare trends internationally [5, 8, 18] . The differences between IOTF and WHO's use of BMI sometimes leads to misperceptions, as the WHO's cut-off points are defined lower than those of the IOTF, leading to higher estimates of overweight and obese children. Also, WHO displays BMI in percentile whereas the IOTF uses cut-offs [8, 18] . In addition, the health risk also depends on ethnicity. Asians have an increased risk of diabetes, whereas Afro-Americans have a lower risk of coronary heart disease. Cole has recommended the use of different cut-offs for the Asian population [8] . The medical argument may be equally good; however, high BMI in childhood alone may not predict negative health effects in adulthood [19] . At best, BMI may be used as one of many factors to estimate future health [20] . Nevertheless, BMI is one important factor used to describe obesity trends and compare populations. BMI is also used to establish a weight-to-height relationship and thereby be used to estimate normal and abnormal growth patterns in children.
Reports from different countries in europe show a marked variation in prevalence of obesity, from 12.5% (10.3-14.9) for boys in Malta to 4.1% (3.4-5.0) in the Netherlands [2] . Scandinavian countries are amongst the countries with the lowest prevalence of obesity. The present results display obesity at 2.4%, which is in accordance with the WHO's findings for Norway and their report on global Burden of Disease (gBD) [15, 21] . This underscores earlier results suggesting that Norway has lower prevalence of child obesity than most countries worldwide, as the gBD reports 5% of the paediatric population to be obese [15] . Using IOTF cut-offs for BMI, the present study shows that approximately 13.7% of boys and 14.6% of girls are estimated to be overweight. Compared to european results, girls show a higher prevalence of overweight; however the prevalence is equal for boys under 10 years of age [22] . On the other hand, obesity is lower in the current study for both genders compared with prevailing reports in europe [15] . The prevalence of obesity in US schoolaged children (6-11 years) was 17.5% in 2011 [23] . Compared to total sample for different countries in europe, Norway also has a lower prevalence of thinness/underweight in boys and a higher prevalence for girls [22] .
Levelling-off of weight gain
Studies measuring weight and height for the age group in question have been performed on a regular basis since the mid-1950s [12] . The current results show a statistically, and probably clinically, significant increase in BMI since the 1950s and 1970s [12, 13] . The increase is smaller for 6-and 7-year-old boys and more pronounced for 8-12-year-olds. The usual explanation for the increase in BMI is excessive calorie intake, combined with limited physical activity [1] . Numerous studies have proclaimed that the reason is high intake of sugar and fatty meals, combined with more sedentary indoor activities in children [1, 16] . The steady increase in BMI has been described as an obesity epidemic in children and adolescents, as well as in adults. As reported by the gBD in 2015, almost 5% of children worldwide are obese; however, Norwegian children have not reached these figures, with only 2.4% reported to be obese in the present study [15] .
For girls, the results show an increase in BMI, although less pronounced compared to earlier results from the 1950s and 1970s [12, 13] . The drop in BMI found at 12 years old in the present study is probably due to low sample size in this age group. The reason for the somewhat smaller increase in BMI among girls compared to boys is unclear. Perhaps a greater focus on bodily appearance, normally experienced in adolescent years, has become customary in children, resulting in more awareness of weight. Nevertheless, the study by Júlíusson et al. found more overweight children of both sexes, and more obesity in boys for children aged 6-12 years [14] . This may be due to the higher prevalence of overweight and obesity in Northern Norway [1, 24] . The present study was conducted in South-east Norway, where there is a lower prevalence of overweight and obesity [1] .
When comparing the BMI results to the data of Júlíusson et al., gathered in 2003-2006, the present results indicate a reduction in mean BMI across age groups [14] . This is especially evident for girls and for boys under the age of 8. The number of overweight and obese children also decreases compared to the findings of Júlíusson et al., with a reduction from 16.5% to 14.2%. As with the mean values, girls show the largest reduction in obesity with an average decrease of 1.1%.
even if this is cross-sectional data, it provides an interesting perspective on changes within a relatively ethnically and socioeconomically homogenous country. Hopefully, these results imply a genuine levellingoff and decrease in weight gain compared to data from 2003-2006 [14] .
Socioeconomic status affects children's BMI
In Norway, where there is a highly developed social welfare system and pay equality, socioeconomic status varies little. The present study revealed that fathers' education level had an inverse association with BMI, and this corresponds with earlier studies [25] . A half index-value reduction for each increase in educational level was found. This implies that having parents with a master's degree or higher may explain why children show a difference of two BMI levels lower than children of parents with a primary school education.
Conclusions
Following the IOTF's cut-off points for overweight and obesity, the present study revealed an increasing number of children becoming overweight with age, averaging 11.5-12% of the sample. However, the number of obese children was constant across age, at 2.5-3%. Children in the 97.5th percentile tend to gain weight at a higher rate than low-and normalweight children. Comparison with former studies of similar age groups in Norway from the 1950s and 1970s revealed an increase in BMI for boys aged 8 years and older. However, compared with data from the mid-2000s, fewer changes have occurred, indicating stagnation of the weight gain reported in children over the last decades. girls showed a slightly different development, with lower BMI than in studies from the mid-2000s, but still higher than in the oldest studies. The present results show that the higher the parental educational level, the lower the child's BMI, and surprisingly it was the father's level of education that displayed a significant impact on children's BMI.
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